Abstract. We present measurements of CP violation parameter φ1/β in B 0 decays that are dominated by b → ccs, b → sqq and b → dqq transitions. The results are based on a large sample of BB pairs recorded at the Υ (4S) resonance with the Belle detector at the KEKB energy-asymmetric e + e − collider. CP violation parameters for each decay mode are obtained from the asymmetries in the distributions of the proper-time intervals between the reconstructed B and the accompanying B meson.
Introduction
The Standard Model (SM) describes CP violation in B 0 meson decays using the complex phase of the 3 × 3 Cabbibo-Kobayashi-Masukawa (CKM) mixing matrix [1] . In the decay chain Υ (4S) → B 0B0 → f CP f tag , where one of the B mesons decays at time t CP to a final state f CP and the other decays at time t tag to a final state f tag that distinguishes between B 0 andB 0 , the decay rate has time dependence [2] given by P(∆t) = e −|∆t|/τ B 0
Here S f and A f are CP -violation parameters, τ B 0 is the B 0 lifetime, ∆m d is the mass difference between the two B 0 mass eigenstates, ∆t = t CP − t tag , and the b-flavor charge is q = +1(−1) when the tagging B meson is a B 0 (B 0 ). To a good approximation, the SM predicts S f = −ξ f sin 2φ 1 and A f = 0 for both b → ccs and b → sqq transitions, where ξ f = +1(−1) corresponds to CP -even (-odd) final states. Recent theoretical studies within the SM framework [3] find that the effective sin 2φ 1 values, sin 2φ eff 1 , obtained from b → sqq are expected to agree within O(0.01) with sin 2φ 1 from the b → ccs transition. A comparison of CPviolation parameters between these theoretically clean b → sqq modes and b → ccs decays is an important test of the SM. On the other hand, S f is expected to be small for b → dqq transition because the weak and quark mixing phases cancel [4] . In this paper, we report measurement of time-dependent CP -asymmetries of penguin dominated B meson decays. Among the final states, φK
S is a CP -even and -odd mixture, of both it has ξ f = −(2f + − 1), a Email:yyusa@vt.edu where f + is the CP -even fraction, measured to be 0.93 ± 0.09 ± 0.05 assuming isospin relation [5] . The CP asymmetry parameters for b → dqq transition are measured from
Measurement of CP violation parameters
At the KEKB energy-asymmetric e + e − (3.5 on 8.0 GeV) collider [6] , the Υ (4S) is produced with a Lorentz boost of βγ = 0.425 nearly along the electron beam line, (z-axis). Since the B 0 meson pair is approximately at rest in the Υ (4S) center-of-mass system (cms), ∆t can be determined from the displacement in z between the f CP and f tag decay vertices:∆t ≃ (z CP − z tag )/(βγc) ≡ ∆z/(βγc). The Belle detector [7] is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter comprised of CsI(Tl) crystals (ECL) located inside a super-conducting solenoid coil that provides a 1.5 T magnetic field. An iron fluxreturn located outside of the coil is instrumented to detect K 0 L mesons and to identify muons (KLM). The intermediate meson states are reconstructed from the following decays:
We use all combinations of the intermediate states except for the following cases: are the cms energy and momentum of the reconstructed B candidate, respectively. The signal candidates are selected by requiring 5.27 GeV/c 2 < M bc < 5.29 GeV/c 2 and a mode-dependent ∆E window. Only M bc is used to identify the decay The dominant background for this analysis comes from continuum events: e + e − → uū, dd, ss, or cc. To distinguish these topologically jet-like events from the spherical-like B decay signal events, we combine a set of variables [8, 9] that characterize the event topology into a signal (background) likelihood variable L sig(bkg) , and impose loose mode-dependent requirements on the
The contributions from BB events to the background for B 0 → f CP candidates with a K 0 L are estimated with Monte Carlo (MC) simulated events. The small BB contribution to the background in the B 0 → η ′ K 0 S mode is also estimated using MC events. We re-
S pairs is consistent with the χ c0 mass or D 0 mass. We estimate the contribution in the B 0 → φK
candidates with a method that is described elsewhere [10] . The fraction of
S and B 0 → φK 0 is found to be consistent with zero and the influence is treated as a source of systematic uncertainty.
The b-flavor of the accompanying B meson is identified from inclusive properties of particles that are not associated with the reconstructed B 0 → f CP decay. We use two parameters, the b-flavor charge q and r, to represent the tagging information [11] . The parameter r is an event-by-event, MC-determined flavor-tagging dilution factor that ranges from r = 0 for no flavor discrimination to r = 1 for unambiguous flavor assignment.
The vertex position for the f CP decay is reconstructed using charged tracks that have enough SVD hits [12] . The f tag vertex is obtained with well reconstructed track that are not assigned to f CP . A constraint on the interaction-region profile in the plane perpendicular to the beam axis is also used with the selected tracks.
We determine CP parameters S f and A f for each mode by performing an unbinned maximum-likelihood fit to the observed ∆t distribution. The probability density function (PDF) expected for the signal distribution, P sig (∆t; S f , A f , q, w l , ∆w l ), is given by the time-dependent decay rate of signal incorporating the effect of incorrect flavor assignment. The distribution is convolved with the proper-time interval resolution function R sig (∆t), which takes into account the finite vertex resolution. The resolution and wrong-tag fractions are determined by a multi-parameter fit to the ∆t distribution of a high-statistics control sample of semileptonic and hadronic b → c decays [8, 13] . We determine the following likelihood for each event:
The signal probability f sig depends on the r region and is calculated on an event-by-event basis as a function of the following variables: ∆E and
; ∆E, M bc and R s/b for the other modes. P bkg (∆t) is a PDF for background events, which is convolved with the background resolution function R bkg . The term P ol (∆t) is a broad Gaussian function that represents a small outlier component [8, 13] . The S f and A f are determined by maximizing the likelihood function L = i P i (∆t i ; S f , A f ) where the product is over all events. Table 1 summarizes the fit results for sin 2φ eff 1 and A f . Figures 1 and  2 show the ∆t distributions and asymmetries for good tag quality events of r > 0.5. The dominant sources of systematic error for sin 2φ eff 1 stem from the uncertainties in the resolution function and in the background fraction. The dominant sources for A f are the effects of tag-side interference (TSI) [14] , the uncertainties in the background fraction, in the vertex reconstruction and in the resolution function. We study the possible correlations between R s/b , p cms B and r PDFs used for φK 0 L and η ′ K 0 L , which are neglected in the nominal result, and include their effect in the systematic uncertainties in the background fraction. Other contributions come from uncertainties in wrong tag fractions, the background ∆t distribution, τ B 0 and ∆m d . A possible fit bias is examined by fitting a large number of MC events and is found to be small. The dominant sources of systematic errors for the B 0 → J/ψK 0 mode are the uncertainties in the vertex reconstruction, in the resolution function, in the background fraction, in the flavor tagging, a possible fit bias, and the effect of the TSI. Other contributions are negligible. We add each contribution in quadrature to obtain the total systematic uncertainty. The systematic errors are summarized in Table 2 .
Summary
For the B 0 → η ′ K 0 mode, we determine the statistical significance from the obtained statistical uncertainties, taking into account the effect of the systematic uncertainties. The Feldman-Cousins frequentist approach Table 1 . Number of signal N signal and results of the fits to ∆t distributions. The first errors are statistical and the second errors are systematic. The third error for sin 2φ
S mode is an additional systematic error arising from the uncertainty of the ξ f = +1 fraction.
Mode
N signal sin 2φ Table 2 . Dominant source of systematic error. [15] gives the significance of CP violation that is equivalent to 5.6 standard deviations for a Gaussian error.We conclude that we have observed mixing-induced CP violation in the mode B 0 → η ′ K 0 . We do not find any significant difference between the results for each individual b → sqq and b → dqq mode and those predicted from SM. Since some models of new physics predict such effects, our results can be used to constrain these models. However, many models predict smaller deviations that we cannot rule out with the current experimental sensitivity. Therefore, further measurements with much larger data samples are required in order to search for new, beyond the SM, CP -violating phases in the b → s transition.
